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FACULTY APPROVAL 
The role of systemic blood pressure :i.n the etiology and patho­
genesis of glaucoma has become increasingly intriguing to members of the 
eye care field. Recent optometric literature abounds with articles 
designed to encourage the optometric clincian to take systemic blood· 
pressure measurements and to use this data in conjunction with tonometric 
findings to aid in the identification of glaucomatous eyes. Any data 
which will 1 imit the number of overreferrals, and more importantly 
the number of underref�rrals is of paramount value to the eye care 
practitioner. The optometric profession as a primary health care 
_entry point also has an obligation to the population it serves to 
aid in the screening for systemic hypertension. 
Although Duke-Elder made the statement that "•• • systemic blood 
pressure is not a primary or even important factor in the aetiology of 
glaucoma', other investigators have emphasized the importance of its 
relationsh:l.p to visual field defects and pathological changes in the 
optic disc and optic nerve. (Drucker 1971) 
"It seems increasingly probable that the nerve destruction 
which results from glaucoma is based on vascular insufficiency to the 
nerve rather than on direct pressure against the axons." The pre­
ceeding statement by Kolker & Hetherington (1970) is typical of 
current philosophy of the etiology of visual field .defects in glaucoma. 
The classical approach has been that elevated intraocular pressure 
mechanically disrupted functional processes of the optic nerve. 
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In t 942, R2ese and McGravic sutr.o:ested the use of an j rd ex, coefficient, 
or rat io to express the relationship between systemic blood pressure 
and intraocu1ar pressure. This index is obtained by dividing the 
systemic blood pressure ( taken brachially) by the intraocular pressure 
(BP/IOP). Daub s (1975) has constructed a nornOfY'ltn spec:ifica1.ly for 
this determination (See Figure t). Reese ancl McGravic considered the 
index to be normal when a systolic index of 5.75 or higher and/or 
a diastolic index of J.25 or higher were obtained. Daubs (1976) 
did a retrospective study to determine the efficacy quantitatively of 
the BP/IOP index in detecting glaucoma. He found that the index was 
in the abnormal range ( below 5.75 systolic) for 80% of glaucomatous 
patients whil.e only 14% of the non-glaucomatous patients indexes feJ.l 
in the abnormal range. Additional data is needed to provide a· sound 
clinical basis for interpretatibn of the BP/IOP index. 
There is some controversy in the literature over the relation-
ship of systemic blood pressure to intraocular pressure. Moses (1975) 
in Adler's Physiology of the Eye makes the statement that " • • •  no 
steady state relationship between systemic blood pressure and intra-
.ocular pressure has ever been demonstrated." This particular statement 
can be contrasted with the following report by Cullen et al. (1974); 
"We have confirmed the conclusion of othsr investie;ators that IOP is 
proportional to BP." When one considers the var ious factors contributing 
to the dynamic state of the intraocular fluid, it is easy to see that 
the situation is complex. 
Becker and Shaffer (1965) report that the intraocular pressure 
in the non-glaucomatous population is distributed in a norrnaJ. fashion 
and may be described in statistical terms. They report by applanation 
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tonometry mean values of 15.4 mm Hg (S.D. = 2.5 mm Hg ) . Moses (1975) 
however states that the frequency distribution of intraocular pressure 
in a population is not a normal curve but is skewed to the right. There 
are more people with an intraocular pressure measurement greater than the 
modal value; and a fewer number of people with an intraocular pressure 
measurement whieh is less than the mode. Moses (1975) notes that 
by applanation tonometry the most frequent intraocular pressures are 
15 to 16 mm Hg. 
There are many factors which affect the rate of aqueous production 
and outflow facility and hence the intraocular pressure. Most important 
among these are nervous and vascular effects. There are diurnal variations 
in the intraocular pressure;· the highest pressure being in the morning. 
According to Moses (1975) intraocular pressure can be changed rapidly 
and sometimes dramatically by pressure on the eye from outside, as by. .. . . 
forced lid closure, pressing on the eyeball with a finger, or by co­
contraction of the rectus muscles. Moses (1975) states further that 
flucuation of blood pressure with pulse and respiration will be reflected 
in the intraocular pressure. An intraocular pressure measurement is a 
sampling of an ongoing process. 
Arterial blood pressure is quite variable in a human population. 
Normal values for a young adult at physical and mental rest are usually 
given as 120 mm Hg systolic and 80 mm Hg dystolic (Brobeck 1973). 
Age exerts a very definite effect on blood pressure levels. Blood 
pressure has been found to increase with age. Women up to the time of 
menopause have a systolic pressure that is 4 to 5 mm lower than men of 
the same age. , A greater incidence of high systolic pressure is found 
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in obese persons. Systemic blood pressure has also been found to oe 
affected b.y" digestion, emotion, exercise, and posture (Brobeck 1973). 
Visual field defects associated with glaucoma are the result of 
insufficient blood circulation to the optic disc and nerve. The blood 
supply to the optic disc depends almost exclusively on the posterior 
ciliary arteries branching off from the ophthalmic artery. According 
to Hayreh (1972), when the.diastolic blood pressure is lower than the 
intraocular pressure there is no filling of the vessels in the optic 
disc or choroid. He also states that the extent of the filling of the 
vessels of the optic disc, peripapillary choroid, and the. remaining 
choroid depends on the difference between the perfusion pressure in 
the cil iary circulation and the intraocular pressure. Hence, the greater 
the difference, the better the filling. Many investigators have suggested 
that a plausible basis for "low-tension glaucoma" could be a normal 
IOP coupled with an abnormally low systemic blood pressure. Hayreh 
(1972) reports that "glaucoma" and "low-tension glaucoma" are identical 
-�"'-- processes producing ischaemia of the optic disc and peripapillary 
choroid. In this case especially, the BP/IOP j_ndex may be an extremely 
valuable diagnostic tool. Cullen et al. (1974) note that regression of 
glaucoma has been observed in patients with increasing systemic hypertension. 
Schoessler (1975) makes the following comment on the detection of 
chronic simple glaucoma: "It should be apparent that tonometry alone is 
not enough to· establish a basis for· an intelligent referral by an 
optometrist to a medical practitioner." He further states that an 
effective glaucoma detection program is one which combines the in­
rormation gained from the case history, tonometry, ophthalmoscopy, 
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central and peripheral perimetry, and sphgmomanometry into an overall 
picture without reliance on one test alone. 
The purpose of this project is to provide data which will aid the 
practitioner in his interpretation of the BP/IOP j_ndex. Although each 
patient must be treated as an individual, a statistical analysis of 
the distribution of BP/IOP ratios will give the optometrist a greater 
understanding and insight of glaucoma screening. 
Methods and Materials 
Assessment of the intraocular pressure was done via the use 
of the American Optical Non-Contact Tonometer (NCT). The NCT is in 
widespread use in the United States and it's findings have been 
closely correlated to the Goldmann Applanation Toriometer. (Grolman 1972) 
The NCT is an applanation tonometer, which operates on the principle 
• · that ttie force necessary to applanate the cornea a given amount is a 
measure of the pressure inside the globe. The NCT is different from 
other applanation (Goldmann, MacKay-Marg) tonometers in that it is 
necessary to convert the time it takes to achieve applanation into units 
of force, (Wiley 1976). The NCT has certain advantages over other 
methods of tonometry in that it is entirely objective, requires no 
mechanical contact, the al:l.gnment system eliminates operator skill and 
judgement as factors, it elicits no patient. discomfort and very little 
anxiety.,(Wiley 1976). The NCT measurement has been shown to be highly 
repeatable to within 1 mm Hg (Myers 1974). Robertson (1976) has 
suggested that there is some variability in the magnitude of the 
reading depending on the procedure used. He found that if one alternates 
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the measurements between the eyes, a slightly lower reading is 
obtained. On each subject in this study J successive measurements 
were made of the intraocular pressure, The 3 values obtained were then 
averaged. 
Systemic blood pressure measurements were taken indirectly via 
an electronic sphygmomanometer (Sphgmostat by Americal Optical ) . The 
electronic sphgmomanometer operates on the same basic principles as 
aneroid and mercury manometers. The primary difference is that a micro­
phone is mounted in the cuff and. registers via a. red l:i.ght mounted on the 
display p·anel of the manometer (Terry 1976). McCaughan (1966) did a study 
in which he compared the reading found via an electronic blood pressure 
apparatus ( Sphgmostat) with that of a mercury manometer. He found a 
high'degree of correlation ( correlation coefficient ,962) and concluded 
that the Sphygmostat was a satisfactory blood pressure apparatus for 
clinical use. In this study all measurements were made on the right 
arm with the subject seated and the arm at approximately heart level. 
Two successive measurements were made with the Sphygmostat • .  Ideally, 
it would be advantageous to obtain the blood pressure at a basal physio­
logical state ( at mental and physical rest). Subjec�s in this stuQ.y 
were not in a basal state, although those that had eaten, exerted 
themselves, or had smoked a cigarette within the previous hour were 
eliminated from the study. 
RESULTS 
The following table indicates the mean values and their respective 
standard deviations for the data found in this study. 
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Mean Standard Deviation .Range 
IOP 14.4 4.o 7-24 
BP (Systolic) 11J .5 15.0 100-137 
BP (Di�stolic) 67.6 7.9 52-88 
BP/IOP (Systolic) 8 . 6 2.1 4,J-14.9 
BP/IOP (Diastolic) 5.0 1.4 2.6-8.J 
Age 29.3 19-63 
DISCUSSION 
The results show that in the population studied 6,6% (4) of the 
subjects had a systolic BP/IOP ratio of less than 5.75; the area 
classified as abnormal by Reese and McGavic. Subjects found to have 
a diastolic BP/IOP ratio of less than 3.25 amounted to 3.2% (2) of 
the
_ 
:population, 
The distribution of the systolic and diastolic BP/IOP_ ratios 
can be seen in the histograms in Figure 2. The systolic BP/IOP 
ratio histogram roughly corresponds to a normally distributed popula­
tion, The diastolic BP/IOP ratio, however, is skewed to the left. The 
modal values were in the J,5 to 4.5 range, whereas the mean was 5,00. 
The significance of this is not readily apparent. The standard 
deviation for the systolic BP/IOP ratio was .7 units larger than 
that for the diastolic ratio, indicating a greater variability, 
Hence, the diastolic index may be of greater use clinically, 
Of the total number of subjects only two had ratios which 
fell in the abnormal range for both diastolic and systolic blood 
pressures. 93 ,5% of all subjects ·had ratios which were classified 
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as normal for both systolic and diastolic BP/IOP rat:i.os. 
CONCLUSION 
The variance of the systolic BP/IOP ratio was found to be approx­
imately a norma.l d:istribution, whereas that of the diastolic BP/IOP ratio 
was skewed ( high frequency of low ratios) . The results of this study 
in which 6.6% of the subjects were classified as having abnormal systolic 
BP/IOP ratios compares favorable with the results of Daubs (14%). Because 
the inc:l.dence of an abnormal B?/IOP ratio has been found to be low, the 
practitioner now knows that when he obtains a BP/IOP fj_nding that is 
in the abnormal range or is.approaching the abnormal value; he must 
carefully consider the possibility of vascular insuffi.ciency and 
subsequent neuronal damage. The results of this study should a:id the 
practitloner in hi_s diagnosis and also in cletermininl!, whether further 
i.nvestigation is indicated. No si.gnificant correlation was found 
between intra6cular pressure and systemic blood pressure. This 
....;.�- agrees with the statement by Moses (1975) ( quoted previously) in 
which he reports that no relationship between the two has been 
demonstrated, In evaluating the BP/IOP index the practitioner should 
keep :i.n mind that the results obtained in this study were primarily 
derived from a young population. Additional work is needed in th is 
area. The relationship between the BP/IOP index and age should be 
investigated. Also a prospective study in which the efficacy of the 
BP/IOP ratio in detecting glaucoma is investigated is 'needed, 
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- 1.3 -
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22 
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25 I 
26 
IOP 
12 
12 
24 
13 
9 
12 
s· 
17 
16 
12 
11 
12 
12 
15 
17 
19 
13 
13 
15 
18 
14 
14 
14 
16 
13 
21 
·15 
Systolic BP 
128 
134 
106 
122 
11) 
123 
i24 
125 
125 
116 
118 
125 
125 
127 
123 
125 
103 
103 
110 
122 
121 
121 
106 
130 
104 
112 
132 
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D A T A 
Diastolic BP Systolic BP/IOP Diastolic BP/IOP 
-
73 10.6 6.1 
88 11.2 7.3 
88 4.3 2.6 
85 9.2 6.4 
75 12.6 8.3 
73 10.6 6.2 
62 14.9 7.4 
69 7.J 4.1 
82 7.8 5.1 
59 9.5 4.9 
81 10.7 7.4 
65 10.7 5.6 
75 9.8 5.9 
65 8.6 4.4 
70 7.4 4.2 
66 6.5 3.4 
6o 7.7 4.5 
56 7.9 4.3 
60 7.3 4.o 
72 6.7 3.9 
70 8.5 4.9 
70 8.5 4.9 
67 7.6 4. 8 
66 8.1 4.1 
56 8.0 4.3 
70 5.4 }.4 
58 9.0 3.9 
Subject # IOP Systolic BP 
27 16 119 
28 14 110 
29 15 128 
30 13 126 
31 17 111 
32 12 105 
33 15 125 
34 13 120 
35 15 105 
36 19 110 
37 16 106 
38 12 104 
39 11 102 
40. 11 118 
41 18 118 
_:;�.:...- 42 10 124 
43 21 109 
44 15 113 
45 15 109 
46 12 122 
47 9 118 
48 15 137 
49 9 114 
50 10 101 
51' 15 108 
52 17 130 
53 18 114 
Diastolic BP 
62 
52 
58 
69 
65 
64 
82 
68 
61 
65 
59 
71 
71 
75 
78 
75 
70 
71 
65 
6o 
70 
81 
70 
62 
58 
73 
65 
S;.ystol ic Bp/IOP 
7.5 
7.7 
8.5 
9.7 
6.6 
8.5 
8.5 
9.2 
7.1 
5.9 
6.7 
8.9 
9.2 
11.0 
6.5 
12.8 
5.3 
7.7 
7.3 
10.4 
12.7 
9.3 
13 .1 
9.8 
?.2 
7.8 
6.4 
Pap;e 12 
Diast6lic BP/IOP 
3.9 
3.8 
3.9 
5.3 
3.9 
5.2 
6�6 
5.2 
4.1 
3.5 
3.7 
6.1 
6.J 
7.0 
4.3 
7.7 
3.4 
4.8 
4.3 
5.1 
7.5 
5.5 
s.o 
6.4 
3.9 
4.4 
. 3 .? 
Subject # IOP 
54- 15 
55 17 
56 16 
57 12 
58 20 
59 15 
6o 10 
61 14 
. ·. 
Systol:ic BP 
119 
105 
132 
104 
110 
100 
108 
122 
Pap.;e 13 
Diastolic BP Systolic BP/IOP Diastolic BP /IOP 
64 7.9 4.J 
6o 6.2 3.5 
82 8.? 5.1 
68 B.6 5.7 
64 5.5 3.2 
68 6.6 4.5 
56 10.8 5.6 
65 8.7 4.6 
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HUMAN SUBJECT RELEASE FORM 
1. Institution 
A. Title of Projects 
B. Principle Investigator: 
C. Advisor: 
D. Locations 
E. Dates 
2. Description of Project 
A Clinical Investigation of the 
Systemic Blood Pressure/Intraocular 
Pressure Relationship 
Wayne Paulson 
Scott Pike O,D. 
Pacific University College of Optometry 
1976 
This project will involve the use of the American Optical 
Non-Contact Tonometer to measure intraocular pressure. The 
American Optical Sphygmostat blood pressure indicator will 
be used to measure the systemic blood pressure. Measurements 
will be made in the same manner in which :!.t is routinely done 
in health professional environments. 
3. Description of Risks 
Risks from intraocular pressure measurement via the American 
Optical Non-Contact·Tonometer and blood pressure measurement via 
the American Optical Sphygmostat blood pressure indicator are minimal. 
Clinical experience indicates that there is little or no risks involved. 
4, Description of Benefits 
This study will help the optometrist in his diagnosis o'f visual 
field losses due to an imbalance of the relationship between intra­
ocular pressure and systemic blood pressure. The subject will also . 
be benefited because he will be getting his blood pressure and intra­
ocular pressure measured. 
5. Alternatives Advantageous to Subjects 
Not Applicable 
6. Offer to Answer any Inquiries 
The experimenter will be happy to answer any questions that 
you may have at any time during the course of this study, 
7. Freedom to Withdraw 
You are fre.e to withdraw your consent and to discontinue 
participation in this project or activity at any time without 
prejudice to you. 
I have read and understand the above. I am 18 years of age or over. 
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Q U E S T I 0 N A I R E 
Narne A<I.e c. . --. ·- Sex 
1) Have you taken any medication today? , Yes No 
Type or Name of Medication taken 
2) Do you smoke ? Yes No 
If so, have you had a cigarette within the 1ast hour? Yes NO 
J) How would you characterlze your present emot. :iona.l state? 
Ch0osc one rel:ixen and calm 
anxious or upset 
4) How' long ha s  it been since your last mea1? hours 
* The respnns�s to the above questions are for stat:lstical purposes 
only and wUl be kept confident :la.1 • 
*Any or all respo�ses are optional. 
